Background: Chronic pain after thoracotomy has been recently reproduced in a rat model that allows investigating the effect of potentially beneficial drugs that might reduce the incidence of allodynia or alleviate pain. Local anesthetics produce antinociception in normal animals and alleviate mechanical allodynia in animals with nerve injury although their mechanisms of action may differ in these situations. Our purpose of this study was to test whether the preoperative intercostal nerve block of bupivacaine could prevent the development of allodynia in a rat model of chronic postthoracotomy pain.
INTRODUCTION
Chronic pain after thoracotomy was first reported in 1944 by a United States army surgeon who noted "chronic intercostal pain" in men who underwent a thoracotomy because of a chest trauma during the Second World War. 1) Chronic postthoracotomy pain (CPTP) is defined as "pain that recurs or persists along a thoracotomy incision at least two months following the surgical procedure".
2) CPTP is typically described as a continuous dysesthesia with burning and aching sensations in the general area of the surgical incision and affects up to 55% of patients followed for more than one year, representing one of the most commonly reported complications after thoracic surgery. 3) No preoperative risk factors have been identified in patients who developed pain after thoracotomy 4) while a number of intra-and postoperative variables have been found to play a role in the etiology and management of the CPTP. 5) Chest wall resection and pleurectomy seem to increase the likelihood of chronic pain when compared to pulmonary resection alone. 6) In contrast, the muscle-sparing thoracotomy approach 7) and the use of video-assisted thoracoscopic surgery 8) may decrease the incidence of chronic pain and disability when compared to conventional thoracotomy although the difference disappears one year after the procedure. Likewise, the combined use of intraand postoperative epidural analgesia was found to exert a dramatic effect in decreasing the incidence of pain at the 6th month. 9) A significant number of patients do not seek help for CPTP and even when identified, drug treatment is often inadequate.
8)
The etiology of CPTP has not been clearly determined even though clinical and animal research studies suggest that the functional impairment and the anatomical damage of the intercostal nerves are the leading factors in the development of this pain syndrome. Rogers et al. 9) have shown that rib retraction alone causes about 50% conduction block in the intercostal nerves on both sides of the retractor in almost every patient who underwent thoracotomy. Buvanendran et al. 10) have recently developed a postthoracotomy pain model where 50% of the animals developed allodynia and showed extensive axon loss in the intercostal nerves of the retracted ribs.
There are plenty of reports that local anesthetics injected close to the nerve or systemically in order to treat chronic neuropathic pain conditions in humans decreased the intensity of pain. [11] [12] [13] However, the reports that the nerve block with local anesthetics can decrease the incidence in After the retraction period, the retractor was removed. Both the 4th and 5th ribs were approximated and ligated tightly using 3-0 chromic gut sutures. Air was aspirated from the pleural cavity with a 5 ml syringe attached to the tubing to restore normal intrapleural pressure. The superficial muscles covering the ribs were then apposed with 3-0 chromic gut sutures and the skin was closed with 3-0 nylon sutures. The animals were allowed to recover by themselves and the endotracheal catheter was removed when spontaneous breathing was reestablished.
2) Intercostal nerve block: The deep and superficial muscles covering the ribs were retracted to expose the intercostal muscle under general anesthesia. After confirming the 3rd to 6th ribs, 0.05 ml of 0.5% bupivacaine (total 0.2 ml, 1 mg) was injected into the intercostal muscles just below the thoracic 3rd to 6th ribs relatively.
Experimental Protocol
The study was divided into two parts. The first part included the control group that underwent rib retraction (n = 25) to which intercostal nerve block was not performed.
The second part comprised the two groups that underwent rib retraction to which intercostals nerve block was Escape behavior or scratching of the dorsal right upper back skin by the hindpaw within 6 sec of the application of a filament was considered positive response. 10) In the absence of a response, the filament of next greater force was applied. In the presence of a response, the filament of next lower force was applied. The tactile stimulus producing a 50% likelihood of withdrawal was determined using the up-down method, as previously described. 14) Each trial was repeated twice at approximately 2-min intervals, and the mean value was used as the withdrawal threshold.
The rats that did not respond to even the highest force filament were assigned a value of 15.1 g while the rats that respond to even the lowest filament were assigned a value of 0.3 g. Mechanical allodynia was considered in the withdrawal threshold that was equal to or less than 4 g, a value that has been adopted in other rat models of neuropathic pain.
14)

Statistical Analysis
Data are presented as mean ± SE. Behavioral analysis comparisons until the 21st d after thoracotomy were performed by using the Kruskal-Wallis one way analysis of variance on ranks followed by Dunn's test. The comparisons of incidence at the 21st d after thoracotomy among the groups were performed by using the Fisher's exact test. P ＜ 0.05 was considered as statistically significant.
RESULTS
Twelve (48%) out of the 25 rats in the control group, 1 (5.9%) out of the 17 rats in the preoperative group, and 2 (12.5%) out of the 16 rats in the postoperative group developed mechanical allodynia at the 21st d after thoracotomy (Fig. 1) . The incidence of development of mechanical allodynia measured at the 21st d after thoracotomy in the preoperative group was significantly lower than the control group (P ＜ 0.05). The values of withdrawal threshold measured at the 21st d after thoracotomy in the control, preoperative, and postoperative groups were 8.3 ± 7.3, 14.0 ± 3.7, and 12.8 ± 5.1, respectively (Fig. 2) .
The withdrawal thresholds measured from the 15th to the 21st d in the preoperative group were significantly higher than that of the control group (P ＜ 0.05) (Fig. 3) .
DISCUSSION
This study showed that preoperative intercostal nerves block with bupivacaine reduced the incidence of the The incidence of CPTP is reported to be 44−67% 15, 16) and the pain is severe in 25% of these patients. 17 ) Fig. 3 . Comparison of withdrawal threshold until 21d after thoracotomy. Each data point is the mean ± SE. *P ＜ 0.05 compared with control group by Kruskal-Wallis one way analysis of variance on ranks and Dunn's test. The characteristics of CPTP are mechanical and thermal allodynias and the typical pain is described as a continuous dysesthesia with burning and aching sensations in the general area of the thoracotomy incision. Because the site of the pain is usually along the distribution of the peri-incisional intercostal nerves, they have been implicated in this neuropathic pain syndrome. 16, 18) The known main cause of CPTP is the application of the rib retractor for a long time which, in turn, induces intercostal nerve injury. Such nerve injury can be a result of pressure on the nerve transmitted from the retractor tines (causing direct axonal compressional injury or ischemic injury) or the stretching of the intercostal nerve at both edges of the retractor as a result of the displacement of the tissue containing the nerve. 9) Buvanendran et al. 10) reported that allodynia in this rib-retraction model is associated with the loss of nearly all myelinated fibers at the 14th d after surgery. Another clinical study has shown that rib retraction alone consistently caused total conduction block in the intercostal nerves on both sides of the retractor. 19) Highly effective postthoracotomy pain relief has been demonstrated using such a multifaceted approach, and the intercostal block appears to be the most important component for postthoracotomy pain relief. 20) Moiniche et al. 21) reported whether analgesic agents are given preoperatively or postoperatively, it does not seem to be important.
However, an early pain relief is considered better and has been associated with a lower incidence of CPTP, 22, 23) which is consistent with the theory of the pathophysiology of chronic pain. In this study, 48% of rats in the control group developed mechanical allodynia which is roughly similar to the incidence of allodynia in the study of Buvanendran et al. 10) However, the incidence (5.9%) of mechanical allodynia in the preoperative group was significantly lower than that in the control group.
We suggest two mechanisms for these results. First is preemptive analgesia performed before placing of rib retractor and second is neuroprotective effect of bupivacaine in nervous system.
The proposed mechanism of the preemptive effect is that the administration of analgesia before a nociceptive stimulus reduces the degree of sensitization produced in the nervous system by the stimulus and thereby reduces the risk of a CPTP. 24) There is a possibility that the preoperative intercostal nerve block might prevent the peripheral and central sensitization produced in the nervous system by the stimulus.
Local anesthetics do not only block voltage-dependent sodium channels but also inhibit calcium or potassium channels, and consequently have a neuroprotective action against ischemic insult in the central nervous system. 25.26) Unlike other local anesthetics, bupivacaine blocks potassium conduction strongly. Bupivacaine reduces the depolarization of hippocampal neurons resulting from glucose deficiency and hypoxia, and re-provides glucose and oxygen, leading to the recovery of normal membrane potential. 25) Another neuroprotective action of bupivacaine is that, by blocking neuronal calcium channels, it prevents the entry of calcium in injured and perilesional cells. In this manner, it reduces the ischemic lesion of the gray matter, the primary element of the secondary lesion. Even if these neuroprotective mechanisms of bupivacaine have been approved in the central nervous system, there is a possibility that these mechanisms might affect the peripheral nervous system in a similar manner.
We suggest that these neuroprotective effects of bupivacaine might decrease the degree of ischemic injury in the intercostal nerve by the rib retractor and the incidence of development of mechanical allodynia.
In conclusion, intercostal nerves block before thoracotomy may decrease the incidence of CPTP. However, more animals and histological assessment of intercostal nerves are necessary to clarify this result.
